The objective of this study was to determine the effect of concomitant alcohol intake on the bioavailability of oxycodone from an oxycodone once-daily (OOD) formulation and an oxycodone twice-daily (OTD) formulation. A phase I, open-label, randomized, crossover alcohol interaction study in 20 healthy volunteers under fasting conditions was conducted. Participants received five treatments, OOD with 240 mL of 0%, 20%, or 40% alcohol; and OTD with 240 mL of 0% or 40% alcohol. Pharmacokinetic parameters did not differ between participants taking OOD with water or with 240 mL of 20% alcohol. There was a slight increase in overall oxycodone absorption from OOD with 40% alcohol but no increase in peak absorption. Oxycodone absorption from OTD showed peak and overall increases with 40% alcohol but maintained a prolonged-release profile. Although it is recommended that alcohol be avoided while taking opioids, there was no evidence of alcohol-induced dose dumping in these oxycodone formulations.
Safe and effective opioid medicines have been used to treat moderate to severe chronic pain for many years. Advances in product design have led to the production of prolonged-release opioids for sustained pain relief. Rather than providing immediate, short-term pain relief, prolongedrelease formulations allow less frequent dosing schedules, which are preferred by patients, 1 increase compliance, 2 and could, therefore, improve treatment outcomes. However, because once-daily formulations are designed to provide enough medicine to last for 24 hours, if the mechanism controlling the rate of release is compromised then a large dose will be absorbed too quickly.
Alcohol-induced dose dumping occurs when an interaction between alcohol and a medicine's excipients leads to uncontrolled immediate release of the full dose potentially causing significant harm or death. 3 Despite being a labeled contraindication for opioid medicines, it must be accepted that alcohol remains one of the most widely consumed drugs worldwide, 4 and that dual use of opioids and alcohol is prevalent. [5] [6] [7] In a confirmed case of alcohol-induced dose dumping in a marketed opioid, a hydromorphone hydrochloride preparation (Palladone; Purdue Pharma L.P., Stamford, CT) was withdrawn from the market after a pharmacokinetic study showed that when these prolonged-release capsules were given with 240 mL of 40% alcohol under fasting conditions the maximum concentration of hydromorphone was, on average, six times higher than when taken with water. 8 As a result, the US Food and Drug Administration (FDA) and the European Medicines Agency (EMA) recommend all prolonged-release opioids be tested for alcohol-induced dose dumping. The Committee for Medicinal Products for Human Use (CHMP) was commissioned by the European Commission to assess the interaction between modified-release opioid medication and alcohol. 9 They reviewed 13 modified-release opioid formulations, including 
Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC? ✔ Prolonged-release opioid medicines enable a reduced dosage frequency but increase the risk of harm if the formulation fails and the full dose is released immediately. Given the potential interaction between opioids and alcohol, any new prolonged-release formulation needs to be resistant.
WHAT QUESTION DID THIS STUDY ADDRESS?
✔ This phase I study tested the effect of concomitant alcohol intake on the bioavailability of oxycodone from an oxycodone once-daily (OOD) formulation and an oxycodone twice-daily formulation. WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE? ✔ This study used pharmacokinetic parameters to show that the prolonged-release characteristics of a OOD formulation remain stable when ingested with alcohol. HOW MIGHT THIS CHANGE CLINICAL PHARMA-COLOGY OR TRANSLATIONAL SCIENCE? ✔ Prolonged-release opioid formulations can be used safely when formulated appropriately.
four oxycodone medicines finding that while half of the formulations were somewhat effected by alcohol in vitro, only one formulation (of morphine once-daily capsules) was subject to alcohol-induced dose dumping. 9 The polymethacrylate-triethylcitrate coating used to control release of the morphine in the problematic capsules reacted with alcohol, which led to immediate release of the medicine. 10 Several prolonged or modified release products have also been tested for effects of concomitant alcohol and opioid use in vivo. Oxycodone is the most used opioid treatment for severe pain 11 and is available in i.v., immediate-release solutions, capsules, and twice-daily prolonged-release tablets. In a study of a twice-daily formulation of oxycodone, 37 healthy regular drinkers received a controlled-release oxycodone capsule with 240 mL of water and 240 mL of 4%, 20%, or 40% alcohol with a 4-day washout between treatments. 12 Despite increases in some pharmacokinetic parameters when the capsule was taken with 40% alcohol, there was no evidence that the controlled release formulation was compromised to the extent that dose dumping could occur. 12 Methodologically similar studies of controlled release formulations of opioid medicines, such as hydromorphone, 13 hydrocodone, 14 and oxymorphone, 15 have likewise reported increases in pharmacokinetic parameters without evidence of dose dumping. Nevertheless, prolonged-release formulations can be at risk of alcohol-induced dose dumping and there are different successful approaches to prevention so it is important to test each category of formulation thoroughly.
An oxycodone once-daily (OOD) formulation, which received marketing approval in 2013, was designed by Develco Pharma Schweiz AG (Oxycodon-HCl beta 20 mg Prolongedrelease tablets; Betapharm Arzneimittel GmbH, Augsburg, Germany). This OOD is a prolonged-release multi-pellet formulation intended for administration every 24 hours and was specifically designed to have abuse-deterrent and alcohol-resistant properties.
Its bioavailability has already been assessed in comparison to an established oxycodone twice-daily (OTD) formulation (Oxygesic 10 mg Prolonged-release tablets; Mundipharma GmbH, Frankfurt a.M., Germany) and found to be comparable in both fed and fasted states. 16 However, data on its relative stability when taken with alcohol have not yet been published.
The aim of this study was to compare the bioavailability of oxycodone when OOD and the comparator OTD prolonged-release products were taken with water or alcohol.
METHODS
This was a phase I, single-dose, randomized, open-label, five period, five-sequence, five-treatment, single-center, crossover, comparative bioavailability study of OOD (Oxycodon-HCl beta 20 mg Prolonged-release tablets; Betapharm Arzneimittel GmbH) and OTD (Oxygesic 10 mg Prolonged-release tablets; Mundipharma GmbH).
The study protocol was approved by the Institutional Review Board (Optimum Clinical Research) in Oshawa, Ontario, Canada, and the study was conducted in accordance with Canadian Food and Drug Regulations, FDA guidance documents, 17 and Good Clinical Practice, as established by the International Conference on Harmonization (ICH-GCP). Written informed consent was obtained from all participants before study participation.
Participants
Healthy men and women aged 18-55 who were moderate drinkers (7-21 units of alcohol per week for at least 6 months before first drug administration), had consumed five or more standard drinks on at least one occasion in the preceding month, had a body mass index of 18.5 to 30 kg/m 2 and a body weight of at least 70 kg for men and 60 kg for women were recruited. Participants were nonsmokers (for at least the preceding 6 months), and healthy according to medical history, electrocardiogram, laboratory results, and physical examination. Women were required to be neither pregnant nor lactating and to use appropriate contraception if they were not surgically sterile or postmenopausal.
Participants were excluded if they tested positive to HIV, hepatitis B or C, drugs of abuse, alcohol, or cotinine, or had any clinically significant history or current medical condition that could interact with the research drugs. Participants with a history of substance or alcohol dependence except to nicotine or caffeine in the past 2 years or who had ever been in substance or alcohol treatment were excluded along with those who had a sensitivity or idiosyncratic response to the medicines, food, or alcohol to be administered during the study. Likewise, participation was prevented from those with difficulty with blood sampling, abnormal diet patterns, recent blood donation or clinical trial participation, or diagnoses of conditions where alcohol consumption is contraindicated. Other exclusion criteria included consumption of caffeine, poppy, or alcohol within 48 hours, or grapefruit or pomelo within 10 days; use of any prescription or over-the-counter medications within 14 days, or any enzyme-modifying drugs, central nervous system depressants, or oral or transdermal contraceptives in the past 30 days. Having used an internal hormonal contraceptive or undergone major surgery in the past 6 months, or had a tattoo or piercing in the past 30 days resulted in exclusion, as did difficulty swallowing tablets.
Study design
There were five different treatments with participants randomized by a computer-generated randomization list to one of five treatment-order sequences. Each treatment involved taking one dose medicine with 240 mL of chilled water containing 0, 20, or 40% alcohol. The treatments were: were allowed to return for subsequent treatments in their sequence.
Participants arrived at the clinic at least 20 hours before dosing and underwent assessment of vital signs and testing of breath alcohol. They received meals 16 and 12.5 hours before getting the study drug. Naltrexone 50 mg (Revia; Duramed Pharmaceuticals, Pomona, NY) was given twice before study drug administration. Naltrexone is an opioid antagonist and was provided to reduce the risk of any opioid-related adverse events.
Participants fasted for 10 hours and refrained from drinking anything for 1 hour before taking the study medication. Treatment involved taking one dose of the assigned study drug with water or alcohol solution as assigned in that treatment period. Participants drank the water and alcohol in four 60 mL shots no more than 5 minutes apart.
Participants refrained from drinking anything for an hour after taking the study drug and fasted for 4 hours. The meals were given 4.5, 9.5, 24, 28.5, 33.5, and 37 hours after study drug administration. Another dose of 50 mg naltrexone was administered after 12 hours. Participants were confined to the clinic for at least 48 hours post dose and breathalyzed for alcohol to determine whether they could be released.
A washout period of at least 7 days separated each treatment period. Participants were dismissed from the treatment period if they failed the alcohol breath test before drug administration or vomited during alcohol intake.
Sample collection and sample analysis
Blood samples were collected by direct venipuncture or by indwelling catheter into prechilled 4 mL tubes at predose and at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 8, 10, 12, 16, 24, 36, and 48 hours postdose. Samples were centrifuged within 30 minutes from the time of collection at 3,000 revolutions per minute for 10 minutes under refrigerated conditions.
After centrifugation, the plasma was aspirated and aliquoted into two clear polypropylene tubes. A minimum of 1.0 mL plasma was transferred to the first tube, and any remaining plasma was aliquoted into a second tube. Polypropylene tubes were prechilled and labeled. Throughout sample collection and following centrifugation, the samples were maintained in an ice-bath until stored in a freezer. Quality assurance audits were performed throughout the study.
Pharmacokinetic parameters
The relative bioavailability of oxycodone was estimated for each treatment based on plasma concentrations of oxycodone. The measures presented were maximum plasma drug concentration (C max ), time to C max (T max ), area under the plasma drug concentration-vs.-time curve (AUC) from time zero to the last measurable concentration (C last ), or last sampling time t (AUC t ), and from time zero to infinity (AUC inf ) calculated as AUC t + C last /lambda.
Statistical methods
Descriptive statistics of pharmacokinetic parameters were calculated for oxycodone for the five treatments and the AUCs were calculated using the linear trapezoidal method.
Analyses of variance (ANOVA) were performed on ln-transformed AUC and C max data in SAS version 9.4. These ANOVA included sequence, participants nested within sequence, period, and treatment.
The 90% confidence intervals (CIs) of the test/reference ratios of geometric means for AUC t , AUC inf , and C max were calculated based on the least squares means and estimate of the ANOVA and presented as a percentage relative to the reference. For comparisons between treatments with different oxycodone formulations, the results were dose normalized to account for the different strengths (10 mg for OTD and 20 mg for OOD).
The following pairs of the bioavailability comparison were conducted on the least squares means of the ln-transformed AUC and C max for the following comparisons.
Comparisons within OOD treatments:
• Treatment B: (20% alcohol)/ Treatment A: (0% alcohol) • Treatment C: (40% alcohol)/ Treatment A: (0% alcohol)
Comparisons within OTD treatments:
• Treatment E: (40% alcohol)/ Treatment D: (0% alcohol)
Dose normalized bioavailability comparisons between OOD and OTD treatments:
• Treatment A: (0% alcohol)/ Treatment D: (0% alcohol) • Treatment C: (40% alcohol)/ Treatment E: (40% alcohol)
Safety
Several measures ensured participant safety. Administration of the opioid antagonist naltrexone reduced the risk of opioid-related adverse events. Two sentinel participants were dosed 24 hours before the remainder to check for any unexpected safety issues, while naloxone (i.v.), antiemetics (i.v. and oral), and intubation kits were available.
Prior to drug administration the participants were screened for acceptable ranges of systolic blood pressure (100-140 mmHg), diastolic blood pressure (60-90 mmHg), heart rate (50-100 bpm), respiration rate (12-20 breaths per minute), and oximetry (95-100%).
Participant wellbeing was also assessed throughout the study. Vital signs (blood pressure, heart rate, respiratory rate, and oximetry) were measured before the first dose of naltrexone in each study period and at 1, 2, 4, 8, 12, 14, 16, 24, and 48 hours postdose in each study period.
All adverse events were recorded and assessed as mild, moderate, or severe. A breath alcohol test was performed at clinic exit for each study period. In the event of a positive result, the participant was required to remain in the clinic until deemed safe to leave.
RESULTS

Participants
The study was completed in June 2015. Twenty participants (5 women and 15 men) with an average age of 40 years (SD = 10 years) were dosed in their first treatment period and the participant disposition is shown in Figure 2 .
Three participants were dismissed but returned to complete subsequent periods. These dismissals were due to a positive breath alcohol test at check-in (n = 2), or because of vomiting after dosing (n = 1). A further five participants were dismissed (vomiting, n = 2) or withdrew (personal reasons n = 3) and did not return.
There were 17 participants dosed in treatments A and C, 18 in treatments B and E, and 19 in treatment D. Twelve participants completed all five study periods.
Data were not included in the pharmacokinetic analyses for periods in which participants were not dosed, or if they vomited after dosing. Two participants had no data included, 10 had data included for some periods, and 8 had data included from all study periods. One participant received the incorrect dose in treatments B and D so their data from those treatments were excluded. The final data analysis set by treatment Figure 2 Subject disposition.
Randomised to sequence (n=20)
Received first treatment dose (n=20)
Evaluable for safety (n=20) Evaluable for pharmacokinetics (n=20)
Subjects discontinued (n=8)
Adverse event (n=3) Noncompliance (n=2)
Personal reasons (n =3)
Subjects completed all periods (n=12)
group was: treatment A (n = 16), treatment B (n = 14), treatment C (n = 12), treatment D (n = 17), and treatment E (n = 14).
Pharmacokinetics
Pharmacokinetic parameters for each treatment are shown in Table 1 . Using dose normalized parameters, the AUCs were generally higher in the OOD treatments, whereas maximum oxycodone concentration C max was higher in the OTD treatments. The arithmetic means were similar between alcohol amounts within OOD treatments. The maximum concentration of oxycodone and the overall exposure seemed to be higher for OTD when it was taken with 40% alcohol (treatment E). As expected, the time to maximum concentration was much shorter for the faster acting twice-daily formulation.
There was no discernible relationship between the amount of alcohol taken and oxycodone absorption from OOD in the curves of the plasma concentration-vs.-time graph. However, an apparent peak increase in absorption of oxycodone when the OTD was taken with alcohol is seen in Figure 3 . Table 2 shows the results of between-treatment comparisons of the geometric means of AUC and C max controlled for randomization sequence, participants within sequence, period, and treatment.
When OOD was taken with 240 mL of 20% alcohol (treatment B) compared with water the ratio of the relevant pharmacokinetic parameters remained between 95 and 105, and the CIs fell between 85% and 115% ( Table 2) .
The AUC ratios comparing 40% alcohol and 0% alcohol with OOD were ~ 116 and the upper CI bounds approached 130%, suggesting that there could have been greater oxycodone absorption when it was taken with the highest amount of alcohol. However, ingesting 40% alcohol did not increase the maximum concentration of oxycodone.
Compared with OTD taken with water, when taken with 40% alcohol the pharmacokinetic parameter ratios of AUC t , AUC inf , and C max were about 25% higher and the upper limits of the ratios' CIs approached 140% ( Table 2) .
The results of the C max comparisons within each treatment can be seen in Figure 4 . There was no difference in maximum plasma concentration of oxycodone when OOD was taken with alcohol but taking OTD with 40% alcohol resulted in an ~ 30% higher peak concentration.
The comparative bioavailability of oxycodone between OOD and OTD when they were administered with either water or 40% alcohol was assessed with dose-normalized data ( Table 2) . When both formulations were taken with water, OOD had 1015% greater overall absorption than that obtained from OTD but an ~ 16% lower peak absorption compared with OTD tablets.
When both formulations were administered with 40% alcohol, OOD had similar overall absorption as obtained from OTD (AUC inf of 261.1 and 256.5, respectively) but showed ~ 33% lower peak absorption.
Safety
Adverse events are displayed in Table 3 . As expected, given the aforementioned preventative methods, there were no serious adverse events. The adverse events were mild (87%) or moderate (13%) and the most common of these are shown by treatment in Table 3 .
DISCUSSION
This study examined the bioavailability of oxycodone when prolonged-release formulations were administered with various amounts of alcohol under fasting conditions. Comparisons between means of the pharmacokinetic parameters of AUC and C max taking OOD with 240 mL of 20% alcohol did not increase the rate or extent of exposure to oxycodone. Taking OOD with 40% alcohol slightly increased the extent of oxycodone absorption but not the peak concentration. When OTD was administered with 40% alcohol the peak absorption of oxycodone increased by almost 30%. These data suggest the physical properties of both prolonged-release formulations were not impaired. Because alcohol-induced dose dumping describes a situation where the formulation is compromised to the extent that the full dose of the medicine is released immediately, 3 it can be concluded that both the OTD and OOD formulations were not at risk. Even if someone took the OOD formulation with, for example, a full cup of vodka after fasting for 10 hours they would not be exposed to dangerous amounts of oxycodone.
The OOD tested here is the only marketed formulation of oxycodone that is designed to be taken once-daily. 18 This benefits patients with moderate-to-severe chronic pain by simplifying their dosage schedule and providing consistent pain relief. However, the longer the prolongation of a dosage formulation the higher the strength of each dose. This necessitates greater care ensuring its resistance to alcohol-induced dose dumping. If the prolonged-release function of a once-daily formulation were to fail, thus immediately releasing the full day's dose, then serious harm could occur.
The results of this study are only pertinent to the medicines tested and are not generalizable to other formulations Treatment A: OOD with water (n = 16); treatment B: OOD with 20% alcohol (n = 14); treatment C: OOD with 40% alcohol (n = 12); treatment D: OTD with water (n = 17); and treatment E:, OTD with 40% alcohol (n = 14).
Figure 4
Maximum plasma drug concentration (C max ) ratio between alcohol treatments and water treatments with 90% confidence intervals. The reference treatment is that drug's water condition. OOD, oxycodone once-daily; OTD, oxycodone twice-daily. of modified release opioids. However, similar in vivo findings have been reported for various modified release opioid formulations in which concomitant alcohol ingestion produced small changes in pharmacokinetic parameters without causing alcohol-induced dose dumping. 19 Despite existing marketed products being resistant to alcohol-induced dose dumping, simultaneous use of alcohol and prolonged-release opioid medications remains contraindicated and a category-wide warning about the risk of alcohol for modified release products exists because of the significant past failings of previously marketed opioids. 8, 10 Whether an effect that is unique to specific ingredients should result in all products of the same category being considered risky is beyond the scope of this study.
Nevertheless, it is clear that alcohol-induced dose dumping can be avoided through adequate formulation development. The OOD formulation tested here has proven this to be the case with alcohol, as well as in both fed and fasted states. 16 This study did not attempt to assess the results of deliberate tampering before taking with alcohol but the abuse-deterrent properties of the formulation minimize any risk. There was also no scope to assess effects of alcohol or combined effect of alcohol and opioid medication on pain relief or on the behavioral effects of alcohol consumption, such as incorrect dosage due to drunkenness.
In conclusion, due to a history of inadequate formulations being susceptible to alcohol-induced dose dumping, it is understandable that blanket warnings about concomitant alcohol use remain. However, pharmacokinetic results showed that Develco Pharma Schweiz AG's once-daily formulation does not interact with alcohol, which, in addition to its proven efficacy and resistance to potential food-induced interactions, show it as safe and effective regardless of the context in which it is taken. This also lends confidence to other medicines that use the same prolonged-release technology. OOD, oxycodone once-daily; OTD, oxycodone twice-daily. All participants who were dosed in the respective treatments were included in adverse event counts. Adverse events are listed if they occurred in more than two participants in a single treatment. Data are presented as absolute numbers and percentages.
